I. Introduction
In Japan, many palynological studies have been carried out to reconstruct the vegetation during the Last Glacial, some of the studies have concentrated on the coldest time, the Last Glacial Maximum which was about 18,000 years ago. Tsukada (1974 Tsukada ( , 1984 Tsukada ( , 1985 , Yasuda (1978) and Nasu (1980) presented vegetation maps of the Japanese Archipelago during that phase, and Furutani (1979) illustrated a map of the Kinki District. Tsuji (1987, 1988) have also diagrammed important forest trees during the cold phase with the aid of the widespread tephra, Aira-Tn ash noted by Machida and Arai (1976) .
The Last Glacial subsurface peat layers are well developed in the Nara Basin. There were only fragmental palaeobotanical records from the peat deposits (Yamagata, 1958; Kokawa, 1961; Kokawa and Yoshida, 1964) , before Matsuoka and his collaborators examined Pleistocene sediments including the Aira-Tn ash (Matsuoka and Nishida, 1980; Matsuoka, 1984; Matsuoka et al., 1984) . They outlined vegetational changes after 30,000 years ago. This paper deals with the stratigraphy and pollen of the middle and upper beds of the Last Glacial Yamanobe Formation in the Nara Basin.
II.
General Stratigraphy Matsuoka and Nishida (1980) established the Late Pleistocene Yamanobe Formation and the Holocene Ikaruga Formation based on radiocarbon dating and plant fossil occurrences. The pollen assemblages were described minutely in Matsuoka (1984) . The Yamanobe Formation consists of peat, fine sand and silt and includes the Aira-Tn ash. The Ikaruga Formation mainly consists of granule, coarse to medium sand, and silt . Okuda (1983) divided the Late Pleistocene deposits in the Nara Basin into 5 layers. Although he did not correlate with those from the other sites, the upper two layers are thought to belong to the Ikaruga Formation, and the third layer to the Yamanobe Formation.
The lower two layers cannot be correlated because of a lack of information.
The Nanmatsu Formation is found in the Nanmatsu region of the Tsugeno Basin east of the Nara Basin (Matsuoka, 1978a) . This formation corresponds to the Yamanobe Formation. The deposits of the formation unconformably overlie those of the Miocene Tsugeno Group.
Based on the sequence of different facies, the Yamanobe Formation can be subdivided into three members, the Lower Sand, Middle Peat and Upper Silt Members.
The Lower Sand Member mainly consists of sands and includes some peat layers. Wood fragments and plant remains are found in some horizons of the sandy layers. The Middle Peat Member consists of herbaceous peat and peaty silt. The Aira-Tn and Kitoragawa ashes are present in the member. The Upper Silt Member mainly consists of silt and with a layer of the Sakate ash and is often denuded by Holocene erosions in places. Sediments typical to the member can be observed at both sites, Sakate and Shirotsuchi.
At the latter site, a hiatus exists between the Upper Silt and the Middle Peat Members (Okuda, 1985) . Yoshikawa et al. (1986) recognized three tephras within the Yamanobe Formation, that is Sakate, Kitoragawa and Heian-Jingu in decending order. The same sampling sites by them and some additional sites are investigated in this study. The age of the Sakate ash has been estimated to be about 10,000 years. The Kitoragawa ash is about 0.3 to 2cm thick, and lies several centimeters above the Heian-Jingu ash. The Heian-Jingu ash is a glassy volcanic ash of 10 to 20cm thick. This ash is believed to be contemporaneous in part with the Aira-Tn ash by Machida and Arai (1976) . In addition to this, a thick volcanic ash reported by Matsuoka and Nishida (1980) , Nishida (1983) , and Matsuoka et al. (1984) within the Yamanobe Formation is thought to be correlated with the Aira-Tn ash. Thus, it is reasonable to describe the Heian-Jingu ash as the Aira-Tn ash in this paper, although the Heian-Jingu ash shows a wide range of variation in its refractive index of orthopyroxene (Yoshikawa et al., 1986) . The age of the Aira-Tn ash ranges from 21,000 to 22,000 years in one report (Machida and Arai, 1976) and 24,000 years in another (Matsumoto et al., 1987) . The dates calculated from the radiocarbon values obtained from the samples below the Aira-Tn ash in the Nara Basin are 24,000 years or older (Matsuoka, 1978a; Matsuoka and Nishida, 1980; Azuma et al., 1983) . Thus, it is feasible to use these dates in the present study.
III. Study Sites and Samples
Five sites are located in the central part of the Nara Basin and another site is at Nanmatsu, east of the Nara Basin (Fig. 1, Table 1 ).
Pollen samples from vertical columnar sections, and from sediment block that taken from certain horizons were analyzed.
Samples from two sites, Wakatsuki and Sakate, were provided by Dr. Shusaku Yoshikawa. The stratigraphy of the six sites are briefly described below (Fig. 2) .
1. Minosho, Yamato-koriyama According to Okuda (1988) , the Upper Silt Member is very thin due to an erosion during the Nara to Heian periods. The Middle Peat Member is about 55cm thick, and contains abundant Menyanthes trifoliata seeds. The Aira-Tn and Kitoragawa ashes are present in peat. Boundaries between the peat and ash layers are disturbed by freeze and thaw effects. One columnar sample was obtained from the Middle Peat Member.
2. Wakatsuki, Yamato-koriyama According to Okuda (1983) , the Upper Silt Member is thin because of an erosion during the Late Jomon period. The Middle Peat Member is about 75cm thick with abundant Menyanthes trifoliata seeds. The Aira-Tn and Kitoragawa ashes are present in the peat. The Lower Sand Member was not studied.
One columnar sample was collected from a section of the Middle Peat Member.
3. Shirotsuchi, Yamato-koriyama The Upper Silt Member is light grayish silt Okuda (1983 Okuda ( , 1988 . about 1m thick, and the Middle Peat Member is peaty silt about 90cm thick. The Aira-Tn ash is present in the Middle Peat Member, and the ash in the Upper Silt Member probably correlates with the Sakate ash. One columnar sample from the Middle Peat Member and one block sample of peat from 70cm below the top of the Lower Sand Member were obtained.
Wood fragments were noted in the sand below the peat.
4. Sakate, Tawaramoto The Yamanobe Formation unconformably underlies the riverine gravel of the Ikaruga Formation.
The Aira-Tn and Kitoragawa ashes are present in the Middle Peat Member, and the Sakate ash is present in the Upper Silt Member. The Kitoragawa ash lies about 12cm above the Aira-Tn ash and the boundaries of the peaty silt and ash layers are disturbed by freeze and thaw effects. The Sakate ash is found about 1m above the Aira-Tn ash. A series of radiocarbon dates obtained by Azuma et al. (1983) were BP at the lowest horizon observed. A series of block samples from the peaty silt of the Middle Peat Member and those from the peaty clay of the Upper Silt Member were obtained.
5. Oo, Tawaramoto The Middle Peat Member of the Yamanobe Formation is thin and unconformably underlies the silt of the Ikaruga Formation.
The sand with organic materials above the Aira-Tn ash is about 1cm thick and contains numerous glasses derived from the Aira-Tn ash. The peaty silt just below the Aira-Tn ash is few centimeters thick. The Lower Sand Member yields Pinus koraiensis seeds and Fagus nuts. Respective block samples from the peaty sand above the Aira-Tn ash, the peaty silt just below the AiraTn ash and the peat of the Lower Sand Member 1m below the Aira-Tn ash were collected.
6. Nanmatsu, Tenri The Aira-Tn ash is present in the sands. The radiocarbon value from a fossil Picea wood sample obtained about 20cm below the Aira-Tn b). Matsuoka (1978b) reported Tsuga leaves, and leaves and pieces of wood for both Picea and Pinus subgen. Haploxylon from the peaty clay. Block samples from the peaty clay 15cm and 60cm below the Aira-Tn ash were collected.
IV. Methods
For columnar samples, a few millimeters thick were taken at interval of few centimeters.
Care was taken to obtain deposits of different types. For block samples, a few grams were taken from the center of samples.
acetolysis. After acetolysis, the pellets were preserved in glycerin. A single-grain preparation was carried out for further studies and also for reference. These are preserved at Osaka City University.
The pollen diagrams are based on counts of more than 200 arboreal pollen per sample. The values for the individual arboreal pollen types are expressed as percentages of this number, and those of the other pollen and spore types are based on total counts. V. Results 1. Minosho, Yamato-koriyama (Fig. 3 ) Pinus subgen. Haploxylon was the only tree well represented.
Abies, Tsuga, Picea, Betula, Alnus and Quercus subgen. Lepidobalanus were total pollen and spores, except for the horizon above the Aira-Tn ash where Alnus was dominant. As for nonarboreal pollen, an increase of Cyperaceae together with Gramineae was seen towards the top of the diagram, while fern spores were more common in the lower half. Aquatic plants found were Sagittaria, Eriocaulon, Nuphar, Lythrum and Menyanthes-Fauria.
2. Wakatsuki, Yamato-koriyama (Fig. 4 ) Among the arboreal pollen, Pinus subgen. Haploxylon was abundant.
In the lower part of the peat below the Aira-Tn ash, the grains of Tsuga, Cryptomeria, Taxaceae-CephalotaxaceaeCupressaceae, Sciadopitys and Quercus subgen. which the Cyperaceae and Gramineae were abundant. Sanguisorba, Umbelliferae, Artemisia and other Compositae subfam. Carduoideae were also present.
Fern spores were common in the lower levels. Aquatic plants found were Typha, Sparganium, Sagittaria, Iris, Lythrum and Menyanthes-Fauria.
3. Shirotsuchi, Yamato-koriyama (Fig. 5 ) In the pollen assemblage of the isolated lower peat, Quercus subgen. Lepidobalanus was dominant.
In decreasing order of abundance, Acer, Alnus, Cryptomeria, Tsuga, and Pinus subgen.
Haploxylon were also represented. 1992 were found less frequently in the deposits above Aira-Tn ash, while Abies, Salix and Betula were more frequent. As for nonarboreal pollen, Cyperaceae, Gramineae and Artemisia were well represented, as well as Thalictrum, Sanguisorba and Umbelliferae.
Aquatic plants found were Typha, Eriocaulon and Nuphar.
4. Sakate, Tawaramoto (Fig. 6 ) In all the deposits the amount of arboreal pollen was generally small compared to the total. Pinus subgen. Haploxylon represented high values except for the bottom and two upper samples. In the latter samples a high value of pollen could not be separated to subgenus rank because of poor preservation.
Alnus, which occurred obviously after the Aira-Tn ash, was more common in the middle than at the basal and upper levels. The frequencies of Betula indicated more or less the same tendency. A decrease in Tsuga and Quercus subgen. Lepidobalanus pollen above the Aira-Tn ash was recorded. Grains of other coniferous trees such as Abies, Picea, Sciadopitys, Cryptomeria, and TaxaceaeCephalotaxaceae-Cupressaceae were scarce. Cyperaceae and ferns were well represented at several levels.
5. Oo, Tawaramoto (Fig. 7 ) The frequency of arboreal pollen was very low, and monolete spores were abundant. Gramineae and Artemisia were also found. Aquatic plants including Lysichiton and Isoetes were presented. Pinus subgen. Haploxylon was well represented in the arboreal pollen. It reached a highest value at the top of the diagram after the deposit of the Aira-Tn ash. Grains of Tsuga, CarpinusOstrya, Betula, Alnus, Quercus subgen. Lepidobalanus and Ulmus-Zelkova were also fairly well represented.
6. Nanmatsu, Tenri (Fig. 8 ) The proportion of the arboreal pollen was Alnus were abundant and associated with Tsuga, Carpinus-Ostrya and Quercus subgen. Lepidobalanus. Grains of other trees such as Abies, Acer and Ligustrum were scarce. Gramineae and Cyperaceae pollen were recorded.
VI. Discussion
As to the vegetation and environments, the evidence from the Lower Sand Member was too sparse, since only two samples were available for investigation.
The pollen flora found, nevertheless, suggests that an open habitat was extensive at that time, since the high proportions of the herbaceous pollen and fern spores including Isoetes and other aquatic plants are recorded. Based on sediments correlated with the Lower Sand Member, Matsuoka (1984) concluded that Haploxylon, Picea and Tsuga developed in the Nara Basin. However, this may not be the case here due to the tree pollen types, Tsuga, Cryptomeria, Carpinus-Ostrya, Quercus subgen. Lepidobalanus and Acer, for example, which must be ascribed as a greater part to regional trees in the area. Thus, we suggest that many different mixed The patterns of the pollen assemblages obtained from the Middle Peat Member are not identical, even those from the same basin. Differences in pollen flora between the respective sites are due to differences in local environments, whereas any similarities in the flora as a whole may reflect the local and regional vegetation.
Although the facies of this Middle Peat Member are diverse, some similarities in pollen flora were noted. The much higher proportion on herbaceous pollen and spores than arboreal pollen, and sporadic occurrences of aquatic plants, both suggest a prevailing open habitat in the basin. Forest cover of the areas surrounding the basin were mainly composed of Pinus subgen. Haploxylon with Tsuga, Betula and Quercus subgen. Lepidobalanus in places. Even at the slightly remote site, Nanmatsu, where the proportion of the arboreal pollen was higher than that of any of the other sites, the pollen record was similar to the others.
Although the specific identification of pollen of the Pinus subgen. Haploxylon type was not possible, the macrofossil records of both Pinus koraiensis and Pinus parviflora from several sites contemporaneous in part with the Middle Peat Member (Kokawa, 1961; Matsuoka, 1978b; Ooi et al., 1990) , imply the presence of either one or both of these species.
The occurrence of these species suggests a cooler climate than the preceding Lower Member.
Although the pollen proportions appear to be changed more or less by the fall of the Aira-Tn ash at every site, there are no specific pollen types that provide reliable indicators of vegetational changes.
For example, in the deposits laid down after the fall of the Aira-Tn ash, Alnus, the relative pollen proportion of which is considered to be strongly reflected by local environments, certainly becomes important in the diagrams for site 1, site 2 and site 4. In the other diagrams, however, there is no indication of increases of the pollen type. At site 5, no Alnus pollen is found in the deposits immediately after the fall of the ash. The proportions of some other pollen and spore types, such as Tsuga, Quercus subgen. Lepidobalanus, Artemisia, Cyperaceae and ferns, are also changed by the Aira-Tn ash at some sites, but it is difficult to find a specific trend common to every site. This suggests that differential pollen occurrence between sites are due to the local environments around the respective sites.
The Upper Silt Member has been traced only imperfectly.
The pollen flora is characterized by high frequencies of Cyperaceae and ferns associated with some aquatic plants, suggesting an open habitat in the basin. During the period after the fall of Sakate ash, Tsuga is well represented, while the grains of other trees and Most of these are thought to originate from plants growing in the areas surrounding the basin. For a satisfactory reconstruction of the vegetation more pollen diagrams are needed.
